Purpose: The study aim was to assess factors that impact on the outcome of radioiodine therapy in patients diagnosed with differentiated thyroid carcinoma (DTC). Materials and Methods: We performed a retrospective cohort study on 256 patients with DTC who underwent thyroidectomy and received radioiodine therapy during December 2003 to January 2012. All patients were followed up for at least 1 year. They were considered diseasefree by the criteria of the revised American Thyroid Association Management Guideline for Patients with Thyroid nodules and DTC (ATA guideline 2009). Results: On Cox univariate analysis, factors associated with disease-free status were age<45, stage I tumor, low risk group by histopathology, unifocal tumor involvement, stimulated serum Tg level at 1st dose of radioiodine therapy and no distant metastasis from 1st post-treatment WBS (post RxWBS). On multivariate analysis, stage I tumor and stimulated serum Tg level at 1st dose of radioiodine therapy < 30 ng/mL were the significant prognostic factors that increased disease-free rate by 1.73 times and 2.60 times, respectively (P-value <0.05). Conclusions: Factors affecting the outcome of radioiodine therapy in our study were age, stage, risk of recurrence by histopathology, unifocal tumor involvement and 1st postRxWBS findings. From these factors, stage I tumor and stimulated serum Tg level at 1st dose of radioiodine therapy were independent prognostic factors that substantial increase the disease-free rate.
Introduction
Many studies about predictive variables for outcome of radioactive iodine (RAI) therapy in differentiated thyroid carcinoma (DTC) have been established (D'Avanzo et al., 2004; Voutilainen et al., 2003; Davis et al., 1995; Hay et al., 1993; Byar et al., 1979; ) . All provided useful prognostic information; however, the results were various. The reasons were possible due to different criteria for diagnosis of disease-free status and different criteria for each prognostic factor in each study. The main goal of this study was to assess the significant prognostic factor that increased disease-free rate using the criteria of the revised American thyroid association management guideline for patients with thyroid nodules and DTC (ATA guideline, 2009) (Cooper et al., 2009 ).
Materials and Methods
2012, we included 256 patients who have complete histopathological details of the tumor and follow-up time at least 1 year. The 256 patients (215 females, 41 males) were underwent total thyroidectomy (TTD) or near total thyroidectomy (near TTD) or complete thyroidectomy 6-8 weeks before RAI therapy.
Hospital records of 256 patients were reviewed for the treatment outcomes and the following predictive variables for outcome: gender, age at 1 st RAI therapy, stage, risk group of recurrence, unifocal/multifocal tumor involvement, stimulated serum Tg at 1 st RAI therapy and 1 st postRxWBS findings.
Tumor staging was according to the sixth edition AJCC/UICC TNM classification (Sobin et al., 2002) (Cooper et al., 2009) . Low risk patients have all of the following characteristics: all macroscopic tumors has been resected, no tumor invasion of locoregional tissues or vascular structures and the tumor does not have aggressive histology.
Radioactive iodine therapy and postRx WBS
Radioactive iodine (RAI) therapy was performed 6 to 10 weeks after the operation. Blood was tested for stimulated serum thyroglobulin (Tg), antiTg antibody and TSH before RAI therapy as well as radiographic images to find evidence of distant metastasis.
The average RAI dose was 5.55 GBq (150 mCi) to ablate thyroid remnant and to cure lymph node metastases and lung metastases. The activity was higher for bone metastases (7.40 GBq, 200 mCi).
A postRxWBS was performed 5-14 days after RAI therapy. Whole body planar scintigraphy was acquired using a dual-head gamma camera (Philips, FORTE, ADAC laboratory) until January 2011. SPECT images were acquired and processed using same dual-head gamma camera. Non-contrast CT scan using 16 slices CT scan (Philips MX 8000 CT scanner) was acquired at the area of equivocal lesion seen on planar images. After January 2011, infinia VC Hawkeye7, GE, SPECT/CT machine was subsequently used for both planar and SPECT/CT images. We graded the findings obtained into negative WBS, locoregional disease (uptake at thyroid bed and/ or cervical LN) and distant metastasis (abnormal uptake at other sites with or without uptake at thyroid bed and/ or cervical LN)
Follow-up
Patients were scheduled to investigate for disease status within 6 months after RAI therapy. All patients received thyroxin suppression: TSH level below 0.1 mU/L for intermediate and high risk patients and 0.1-0.5 mU/L for low risk patients (Cooper et al., 2009) .
Patients were also submitted to physical examination, serum Tg and antiTg antibody. Diagnostic WBS following thyroid hormone withdrawal as well as stimulated serum Tg, antiTg antibody and neck ultrasonography were obtained 6-12 months after RAI therapy for patients who had only locoregional disease. Patients with distant metastases were appointed to other treatment methods or next time of RAI therapy.
Treatment outcomes
The patients were considered in disease-free status by the criteria of the revised American thyroid association management guidelines for patients with thyroid nodules and DTC (ATA guidelines, 2009) as no clinical evidence of tumor, no imaging evidence of tumor on a recent diagnostic WBS and neck ultrasonography and undetectable stimulated serum Tg levels in the absence of interfering antiTg antibody (Cooper et al., 2009) .
We defined stimulated serum Tg<2 ng/mL as undetectable. The absence of interfering antiTg antibody is when antiTg antibody < 50 IU/ml according to previous study from our hospital (Sritara et al., 2008) .
Survival analysis was performed on the STATA version 12. Time to disease-free status was estimated with Kaplan-Miere Method. Potential prognostic factors were evaluated in Cox univariate analysis and then in a multivariate Cox regression analysis. Significant was defined as P value <0.05. Table 1 shows characteristics of 256 DTC patients: 84% female, 16% male. Approximately half of the patients were in low risk group. Most of the patients were in stage I, about 68%. One hundred and thirty-eight patients (55%) were 45 years old or younger. All patients were received RAI therapy after total or near total or complete thyroidectomy and follow-up at least 1 year. Median follow-up time is 3.7 years.
Results
Of the 256 patients, 175 patients (68.4%) were in disease-free status with the overall disease-free rates at 1, 1.5, 2 and 2.5 years were 26%, 50%, 65% and 73%, respectively, respectively, estimated with Kaplan-Meir Method..
Potential prognostic factors for disease-free survival were evaluated in Cox univariate analysis (Table 2) . Age 45 years old or younger, stage I tumor, low risk group by histopathology and unifocal tumor were associated with disease -free survival (P value<0.05). Stimulated serum Tg level equal to 30 ng/mL or below and locoregional I-131 uptake from 1st post RxWBS (no distant metastasis) were also important prognostic factors for disease-free status. Table 2 also shows the incidence rate of disease-free status per year and the median time to disease-free status for each significant variable.
Percentage of disease-free status in female patients was higher than male and median time to disease-free status of Table 3 shows multivariate analysis of significant variables. Stage I tumor and stimulated serum Tg were two independent variables that increased disease-free rate by 1.73 times and 2.60 times, respectively (P-value <0.05).
Discussion
From the characteristic result, the percentage of female and male in our study are 84% and 16%, respectively, almost similar to the result of retrospective analysis of thyroid cancer in China (Yumei Yang, 2011) but higher in female percentage than study in Iran (Khayamzadeh, 2011) . Ratio of patients in two age groups (≤45 year and >45 years) are not much different (54.9% and 45.1%, respectively). The most common cell type is papillary carcinoma (85.5%), which is similar to the previous publish studies (Zaman, 2012 and Yumei Yang, 2011) .
The main goal of this study was to assess the significant prognostic factor that increased disease-free rate using the criteria of the revised American thyroid association management guideline for patients with thyroid nodules and DTC. To this goal, we undertook both univariate and multivariate analyses to evaluate many prognostic factors in DTC patient group.
Stage I tumor by TNM staging system was one of the independent prognostic factors for disease-free status in our study, which is in agreement with the publish study (Sautter-Bihl, 2001) . This was probably because stage I group was included patients with no distant metastases, some patients with small tumor size (<2 cm with age> 45 years old) and some patients with age ≤45 years old. All of these were good prognostic factors for outcome.
Although there was a study concluded that the stimulated serum Tg level at 1 st RAI therapy may not determine risk of recurrence (Hasbek, 2014) . Our study, in agreement with some studies (Lin et al., 1998; Verburg et al., 2005) , shows that stimulated serum Tg level at 1 st RAI therapy was an another independent prognostic factor for successful RAI therapy. The previous study (Heemstra et al., 2007) suggested that cut-off point of stimulated serum Tg level for successful RAI therapy was 27.5 mcg/L (positive predictive value 98%). In our series, cut-off point of stimulated serum Tg level at 1 st RAI therapy for good outcome was <30 ng/mL. Many literatures showed that age is a strong predictor of outcome in DTC patients (Sobin et al., 2002; Durante et al., 2006; Toniato et al., 2008; Tubiana et al., 1985) . In this univariate analysis, age was also significant factor for disease-free status. Age ≤45 years old showed good better outcome than >45 years old.
Number of the tumor is another interested factors. There was a study (Lang et al., 2006) which is suggested that patients with multifocal tumor have a lower survival rate than patients with unifocal tumor (Hazard ratio=1.79, p=0.048). This finding is similar to our study that unifocal tumor was one of significant factor for disease-free status in univariate analysis.
Risk of recurrence was defined by histopathology of tumor, including presence of aggressive histology, vascular and capsular invasion and surgical margin status. For patient in the low risk group with tumor size less than 1 cm, there was some controversies in use of RAI therapy as review by one study (Zaman et al., 2013) . In our study, RAI was given to the patient in low risk group only who had tumor size more than 1 cm. Our findings revealed that low risk group had better prognosis than intermediate and high risk. This result was similar to many publish studies (McConahey et al., 1986; Gemsenjager et al., 2001; Falvo et al., 2005; Lang et al., 2006) .
No distant metastases from 1st postRx WBS is also a significant factor in our univariate analysis, in accordance with the MACIS, AGES and EORTC systems. The prior (Lang et al., 2006) suggested that follicular thyroid cancer patients with distant metastases had significantly decreased survival rate (Hazard ratio=5.25, p=0.001). The other study (Durante et al., 2006) reported that survival rate in patients with macronodular pulmonary metastases or multiple bony metastases decreased to 14%. Our results in univariate analysis, in agreement with the MACIS, AGES, AMES and EORTC prognostic scoring systems (Hay et al., 1993; Davis et al., 1995; D'Avanzo et al., 2004) , showed the importance of age at diagnosis, unifocal disease and low risk group by histopathology as significant prognostic factors. However, none of these factors independently improved outcome in multivariate analysis.
Our data shown that no significant differences in treatment outcome according to gender, agreed with the published study (Toniato et al., 2008) . However, in disagreement with some studies (Tubiana et al., 1985 and Kim et al., 2008) , which shown that male gender was a poor prognostic factor for treatment outcome.
